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ENCODING DEVICE MOUNTED ON ONE 
CHIP FOR MULTIPLEXING VIDEO SIGNAL 

AND AUDIO SIGNAL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to encoding devices, and 
more particularly to encoding devices alloWing multiplexing 
of a video signal and an audio signal according to a 
predetermined compression encoding standard. 

2. Description of the Background Art 
Recently, MPEG2 (Moving Picture Experts Group) has 

become Widely adopted as an international standard of data 
compression encoding in various applications including 
digital satellite broadcasting and DVD (Digital Versatile 
Disc). MPEG2 standard, de?ned in three layers, that is, 
video, audio and system layers, alloWs multiplexing of a 
video signal and an audio signal. 

In general, according to MPEG2 standard, audio data 
compression and a process relating to a system do not 
require an excessively enormous and complicated operation, 
Whereas an operation for video data compression is com 
plicated and the amount of operation is enormous. 

In a multiplexing of an audio signal and a video signal 
according to the conventional MPEG2 standard, generally 
the process relating to the audio and the system is realiZed 
through a softWare process in a processor unit, Whereas the 
process relating to video is realiZed through a dedicated 
hardWare, Which is controlled through a softWare process in 
the processor unit. 

Encoding devices performing such multiplexing are, 
therefore, implemented as multiplexing encoding systems 
formed as a combination of three devices, that is, an audio 
compression encoding device and a system multiplexing 
device both realiZed With a DSP (Digital Signal Processor), 
for example, in a softWare-like manner, and a video com 
pression encoding device including an LSI (Large Scale 
Integrated Circuit) dedicated for image compression and a 
processor unit controlling the LS1. 

With reference to FIG. 12, a multiplexing encoding sys 
tem 300 of the conventional art includes a video compres 
sion encoding device 400 performing a video encoding 
process on a video signal, an audio compression encoding 
device 500 performing an audio encoding process on an 
audio signal and a system multiplexing device 600 perform 
ing a system process for multiplexing encoded video data 
and encoded audio data. 

Video compression encoding device 400 performs a com 
pression encoding of original video data supplied to a video 
input terminal 402 to generate encoded video data. Audio 
compression encoding device 500 performs a compression 
encoding of original audio data supplied to an audio input 
terminal 502 to generate encoded audio data. 

System multiplexing device 600 receives encoded video 
data and encoded audio data from video compression encod 
ing device 400 and audio compression encoding device 500, 
respectively, performs a multiplexing process according to a 
format de?ned by a system layer of MPEG2 standard, for 
example, generates and outputs resulting compressed data 
via an output terminal 606. The compression encoding 
process Will also be referred to as an encoding process 
hereinbeloW. 

With reference to FIG. 13, video compression encoding 
device 400 includes a video encoding unit 420 encoding 
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2 
original video data supplied to video input terminal 402, a 
processor unit 410 controlling the encoding process at video 
encoding unit 420, an FIFO (First In First Out) buffer 455 
receiving encoded video data generated in video encoding 
unit 420, a video timing generation unit 430 generating a 
timing signal for controlling a timing of execution of the 
video encoding process and an internal bus 450. The 
encoded video data supplied to FIFO buffer 455 is output via 
a video output terminal 406. Processor unit 410 is connected 
to video encoding unit 420 via internal bus 450. As video 
encoding unit 420, an image compression LSI, Which is a 
dedicated hardWare, is employed, for example. 

Video encoding unit 420 includes a register 422 to hold a 
control parameter employed in the video encoding process. 
The control parameter held by register 422 is set through 
processor unit 410 via internal bus 450. The timing signals 
generated from video timing generation unit 430 include a 
picture timing signal PSYNC indicating an activation timing 
of a picture-related process and a macro block timing signal 
MBSYNC indicating an activation timing of a macro block 
related process (hereinafter referred to also as MB process) 
in MPEG2 standard, for example. 

FIG. 14 shoWs a timing chart referenced for describing an 
execution timing of the video encoding process. 
With reference to FIG. 14, the picture-related process is 

executed in response to the generation of picture timing 
signal PSYNC and the MB process is executed in response 
to the generation of macro block timing signal MBSYNC. 

In the video compression encoding, the number of frames 
n (n is a natural number) included in a second is determined 
and a cycle of the generation of picture timing signal 
PSYNC is 1/n second. For example, When thirty frames are 
included in a second, the cycle of picture timing signal 
PSYNC is 1/30 second. 

In MPEG2 standard, the video compression encoding is 
executed With a one-frame image divided into macro blocks 
(hereinafter referred to simply as MB) serving as a unit of 
processing, of sixteen pixels><sixteen lines. If an image of 
one frame is formed from 720 pixels in a vertical direction>< 
480 lines in a horiZontal direction, one frame includes 1350 
MB’s. Then, video timing generation unit 430 generates 
1350 macro block timing signals MBSYNC during one 
cycle of picture timing signal PSYNC. 

Video encoding section 420 operates in response to timing 
signals PSYNC and MBSYNC. In particular, video encod 
ing unit 420 executes the MB process for each MB in 
response to macro block timing signal MBSYNC and 
executes the picture-related process Which is common to all 
MB included in one frame in response to picture timing 
signal PSYNC. 
A necessary control parameter for the picture-related 

process and the macro block-related process is set in register 
422 through processor unit 410. Processor unit 410, hence, 
must operate in synchroniZation With timing signals PSYNC 
and MBSYNC. 
When these timing signals PSYNC and MBSYNC gen 

erated from video timing generation unit 430 are supplied to 
an interrupt terminal of processor unit 410, processor unit 
410 can execute an operation corresponding to the picture 
related process and the macro block-related process as an 
interrupt process in synchroniZation With video encoding 
unit 420. 

With reference to FIG. 15, audio compression encoding 
device 500 includes an FIFO buffer 532 receiving original 
audio data supplied to audio input terminal 502, a processor 
unit 510 including a softWare for executing an encoding 
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process on the original audio data, an FIFO buffer 534 
receiving encoded audio data supplied from processor unit 
510, an audio output terminal 505 supplying the encoded 
audio data supplied from FIFO buffer 534, and an internal 
bus 550. Processor unit 510 is connected to FIFO buffers 
532 and 534 via internal bus 550. 

The original audio data supplied to audio input terminal 
502 is then supplied to FIFO buffer 532. Processor unit 510 
reads the original audio data from FIFO buffer 532 via 
internal bus 550. Processor unit 510 encodes the read 
original audio data according to an internally stored program 
to generate encoded audio data. The encoded audio data is 
Written into FIFO buffer 534 via internal bus 550. 

The encoded audio data supplied to FIFO buffer 534 is 
output from audio output terminal 505. The activation of the 
program for executing the audio encoding process in pro 
cessor unit 510 is controlled through an audio timing gen 
eration unit 520. 

With reference to FIG. 16, the audio encoding process in 
processor unit 510 is activated in response to generation of 
a timing signal FSYNC. When a sampling frequency of 48 
kHZ according to a layer II of the MPEG1 audio standard is 
employed as a mode for the audio encoding process, a frame 
de?ned by 1152 samples Will be processed as one unit. 
A length of one frame, then, becomes 1152 samples/48 

kHZ=0.024 sec and the processing of one frame must be 
completed every 24 msec to alloW a smooth audio encoding. 
For the smooth operation, audio timing generation unit 520 
generates timing signal FSYNC at a cycle of 24 msec and 
supplies the signal to the interrupt terminal of processor unit 
510. 

In response to an interrupt request through audio timing 
signal FSYNC, processor unit 510 activates a softWare for 
performing the audio compression encoding and executes 
the audio encoding process for each frame. 

With reference to FIG. 17, system multiplexing device 
600 includes an encoded video data input terminal 602 
receiving an input of encoded video data, an FIFO buffer 
652 provided corresponding to the encoded video data, an 
encoded audio data input terminal 604 receiving encoded 
audio data, an FIFO buffer 654 provided corresponding to 
the encoded audio data, a processor unit 610 controlling the 
multiplexing process, a header memory 640 holding header 
data of multiplexed compressed data stream and an internal 
bus 650. 

System multiplexing device 600 further includes a mul 
tiplexing control unit 620 receiving header data output from 
header memory 640, encoded video data supplied from 
FIFO buffer 652 and encoded audio data from FIFO buffer 
654, and selectively transferring one type of data to FIFO 
buffer 656, a compressed data output terminal 606 supplying 
the compressed data stream supplied from FIFO buffer 656, 
and a status generation unit 630 generating a timing signal 
BSOREQ for requesting a supply of neW compressed data 
according to data amount in FIFO buffer 656. 

Processor unit 610 generates and supplies header data to 
header memory 640 via internal bus 650. In addition, 
processor unit 610 sets via internal bus 650 a control 
parameter in a register 625, Which parameter is provided in 
multiplexing control unit 620, for designating a selective 
transfer of data in multiplexing control unit 620. 
When a format of a transport stream (hereinafter also 

referred to simply as TS) is adopted according to the 
MPEG2 system layer standard, for example, data is sequen 
tially transferred to an FIFO buffer 656 in the order of 4-byte 
header data, 184-byte compressed (encoded) video data, 
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4 
4-byte header data, and 184-byte compressed (encoded) 
audio data, thus encoded video data and encoded audio data 
are multiplexed and compressed data thereof can be gener 
ated. 

In this case, Which type of encoded data is to be trans 
ferred by hoW much data amount in What order, and so on, 
can be controlled through the setting of control parameters 
held in register 625 through processor unit 610. 

In a system generally supplying TS data as compressed 
data, in most cases compressed data output terminal 606 is 
connected to a transmission line. In this case, compressed 
data must be output at a constant rate. The amount of data 
held in FIFO buffer 656 is, therefore, monitored through 
status generation unit 630, Which generates and supplies 
timing signal BSOREQ to the interrupt terminal of processor 
unit 610 When the empty area of FIFO buffer 656 becomes 
larger than 188 bytes Which corresponds to a constituent unit 
of the TS data, for example. In response, processor unit 610 
indicates to multiplexing control unit 620 to transfer neW 
multiplexed compressed data to FIFO buffer 656. 
An encoding system alloWing the multiplexing of the 

audio signal and the video signal can be thus provided, With 
the video compression device employing the image com 
pression LSI Which is a dedicated hardWare device, the 
audio compression encoding device and the system multi 
plexing device both executing a softWare process corre 
sponding to a program stored in the processor unit. 

Because of the advancement in LSI integration in recent 
years, hoWever, the integration of the video compression 
encoding device, the audio encoding device and the system 
multiplexing device on one LSI chip has become possible. 
On the other hand, the video encoding process, the audio 

encoding process and the system process must be executed 
independent from each other at a predetermined cycle as 
described above. Hence, if these devices are arranged on the 
same LSI in the encoding device and share the same 
resources for plurality of processes, the control of the order 
of process execution becomes important When activation 
requests for the plurality of processes are made such that 
their execution overlap. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
encoding device mountable on one LSI chip, for multiplex 
ing a video signal and an audio signal While effectively 
sharing resources for different processes. 

In brief, the present invention is an encoding device 
multiplexing an input video signal and an input audio signal 
according to a predetermined compression encoding 
standard, Which encoding device includes: a processor unit, 
a timing control unit, a ?rst buffer, a video encoding process 
unit, a second buffer, a third buffer and a multiplex process 
unit. 

The processor unit has a function of executing an audio 
encoding process to convert the audio signal to encoded 
audio data, a function of executing a ?rst control process for 
controlling a video encoding process and a function of 
executing a second control process for controlling a system 
process. The timing control unit generates at least one ?rst 
timing signal for activating the video encoding process, a 
second timing signal for activating the audio encoding 
process and a third timing signal for activating the system 
process. The ?rst buffer holds the encoded audio data 
temporarily. The video encoding process unit is activated in 
response to the ?rst timing signal and executes the video 
encoding process to convert the video signal to encoded 



US 6,765,961 B2 
5 

video data. The second buffer holds the encoded video data 
temporarily. The third buffer holds header data generated 
from the processor unit. The multiplex process unit executes 
the system process according to an indication from the 
processor unit and sequentially outputs the encoded video 
data, the encoded audio data and the header data supplied 
from ?rst, second and third buffers, respectively, by an 
amount and in an order according to a system process 
parameter. The processor unit includes an interrupt control 
circuit receiving at least one of ?rst, second and third timing 
signals to designate for an interrupt process one of the audio 
compression process, ?rst and second control processes in 
response to generation of each timing signal supplied as an 
input. The processor unit preferentially executes the inter 
rupt process. 

Thus, a main advantage of the present invention lies in 
that mounting of the encoding device on a single LSI chip 
is alloWed as the processor unit is shared for the video 
encoding process, the audio encoding process and the sys 
tem process. 

The foregoing and other objects, features, aspects and 
advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing an overall structure of 
an encoding device 100 according to the ?rst embodiment of 
the present invention; 

FIG. 2 is a timing chart referenced for describing an 
interrupt process in processor unit 10; 

FIGS. 3A~3D are How charts of programs of respective 
interrupt processes in processor unit 10; 

FIG. 4 is an overall block diagram shoWing a structure of 
an encoding device 110 according to the second embodiment 
of the present invention; 

FIG. 5 is a How chart of a main process program in a 
processor unit 10 in an encoding device 110; 

FIG. 6 is an overall block diagram shoWing a structure of 
an encoding device 120 according to the third embodiment 
of the present invention; 

FIGS. 7A and 7B are How charts of a video encoding 
process in an encoding device 120; 

FIG. 8 is a timing chart of a timing signal relating to an 
audio encoding process; 

FIG. 9 is a How chart of a main program in a processor 
unit 10 according to the fourth embodiment of the present 
invention; 

FIG. 10 is a block diagram shoWing a structure of an 
encoding device 130 according to the ?fth embodiment of 
the present invention; 

FIG. 11 is a block diagram shoWing a structure of a timing 
control unit 140; 

FIG. 12 is a schematic block diagram shoWing an overall 
structure of a multiplexing encoding system 300 according 
to a conventional art; 

FIG. 13 is a block diagram shoWing a structure of a video 
compression encoding device 400; 

FIG. 14 is a timing chart referenced for describing an 
execution timing of a video encoding process; 

FIG. 15 is a block diagram shoWing a structure of an audio 
compression encoding device 500; 

FIG. 16 is a timing chart referenced for describing an 
execution timing of an audio encoding process; and 
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6 
FIG. 17 is a block diagram shoWing a structure of a 

system multiplexing device 600. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of the present invention Will be described in 
detail hereinbeloW With reference to the draWings. 
First Embodiment 

FIG. 1 shoWs an overall structure of an encoding device 
100 according to the ?rst embodiment of the present inven 
tion. As Will become clear from the folloWing description, 
the encoding device of the present invention is not intended 
only for the compression encoding process in compliance 
With MPEG2 standard and can be applied Widely to encod 
ing devices for multiplexing a video signal and an audio 
signal. 
With reference to FIG. 1, encoding device 100, Which can 

be mounted on one semiconductor substrate CH, includes an 
audio input terminal 2 receiving an input of original audio 
data, a video input terminal 4 receiving an input of original 
video data and a compressed data output terminal 6 supply 
ing compressed data generated by multiplexing encoded 
video data and encoded audio data. 

Encoding device 100 further includes an FIFO buffer 62 
receiving original audio data, a processor unit 10 having a 
softWare for executing a compression encoding process on 
the original audio data (hereinafter also referred to simply as 
audio encoding process) and controlling an overall operation 
of encoding device 100, an FIFO buffer 64 receiving 
encoded audio data generated by compression encoding in 
processor unit 10, via an internal bus 50, a video encoding 
unit 20 executing a compression encoding process of origi 
nal video data (hereinafter also referred to simply as video 
encoding process), an FIFO buffer 66 receiving encoded 
video data and a header memory 70 holding header data of 
a compressed data stream. 

Encoding device 100 further includes a multiplexing 
control unit 30 receiving header data supplied from header 
memory 70, encoded video data supplied from FIFO buffer 
66 and encoded audio data from FIFO buffer 64, and 
executing multiplexing process (hereinafter also referred to 
as system process) for supplying data of a type and amount 
according to a control parameter set in a register 32, an FIFO 
buffer 68 receiving data supplied from multiplexing control 
unit 30 and supplying the data to compressed data output 
terminal 6 at a constant rate and a timing control unit 40 
generating a timing signal according to data amount in FIFO 
buffer 68, for activating the audio encoding process, the 
video encoding process and the system process. 

Timing control unit 40 generates an audio timing signal 
FSYNC for activating the audio compression encoding 
process, picture timing signal PSYNC and macro block 
timing signal MBSYNC for activating the video compres 
sion encoding process and timing signal BSOREQ for 
requesting a transfer of a multiplex stream from multiplex 
ing control unit 30 according to ?lled data amount of FIFO 
buffer 68. 

With this structure, original video data is compressed and 
encoded in video encoding unit 20 and supplied to multi 
plexing control unit 30 via FIFO buffer 66. The original 
audio data is supplied to processor unit 10 via FIFO buffer 
62 and internal bus 50. Processor unit 10 performs com 
pression encoding of the original audio data and supplies 
encoded audio data to FIFO buffer 64. The encoded audio 
data is supplied to multiplexing control unit 30 from FIFO 
buffer 64. Processor unit 10 generates and supplies header 
data to header memory 70 via internal bus 50. Header 
memory 70 supplies header data to multiplexing control unit 
30. 
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Multiplexing control unit 30 processes the encoded audio 
data from FIFO buffer 64, the encoded video data from FIFO 
buffer 66 and header data from header memory 70 according 
to the control parameters held in register 32 and selectively 
transfers one type of data to FIFO buffer 68. 

Multiplexed compressed data stream thus supplied to 
FIFO buffer 68 is then supplied to compressed data output 
terminal 6 at a constant rate. 

The video encoding process in video encoding unit 20 is 
executed in response to macro block timing signal 
MBSYNC and picture timing signal PSYNC generated from 
timing control unit 40 according to the cycles of macro 
block-related process and picture-related process, respec 
tively. Thus, video encoding unit 20 executes the MB 
process for each MB in response to macro block timing 
signal MBSYNC and executes the picture-related process 
common to all MB included in the same frame in response 
to picture timing signal PSYNC. 

Necessary control parameters for picture-related process 
and macro block-related process are set in a register 22 
through processor unit 10. Hence, the operation of processor 
unit 10 must be in synchroniZation With timing signals 
PSYNC and MBSYNC. 

The process at multiplexing control unit 30 is also con 
trolled through processor unit 10 via internal bus 50 and 
register 32. 

Each of a control process for controlling the audio encod 
ing process and the video encoding process in video encod 
ing unit 20 and a control process for controlling the system 
process in multiplexing control unit 30 is executed as an 
interrupt process through processor unit 10. 

Processor unit 10 receives a timing signal generated from 
timing control unit 40 as an interrupt signal. Processor unit 
10 includes an interrupt control circuit 15. Interrupt control 
circuit 15 determines, based on a plurality of interrupt 
signals supplied from timing control unit 40 and according 
to a predetermined priority, Which interrupt process is to be 
executed. Processor unit 10 suspends a process Which has 
been executed before the assertion of the interrupt process 
and preferentially executes the determined interrupt process. 
As described above, encoding device 100 is characteriZed 

in that encoding device 100 employs a single processor unit 
10 for the video encoding process, the audio encoding 
process and the system process and hence can be formed on 
single LSI chip CH. 

FIG. 2 is a timing chart referenced for describing an 
interrupt process in processor unit 10. 

In encoding device 100, processes are preferentially per 
formed in the order of the picture-related process, the macro 
block-related process, and a multiplex stream supplying 
process. Such priority may be determined in advance based 
on a necessary length of the cycles for these processes. 
As an example here, in the case of the video signal, it is 

assumed that thirty frames are processed in a second, Which 
one frame is constituted from 1350 macro blocks. In 
addition, for the audio compression process, a sampling 
frequency of 48 kHZ of MPEG1 audio standard layer II is 
employed and the process unit is de?ned as 1152 samples. 
Further, according to the TS format of MPEG2 standard, the 
output rate of compressed data stream output from com 
pressed data output terminal 6 is assumed to be 20 Mbps. 

In this case, the generation cycle Tps of picture timing 
signal PSYNC for activating the picture-related process can 
be given by 

Tps=1 sec/30=33.3 msec, 

and the generation cycle Tmb of macro block timing signal 
MBSYNC for activating the macro block-related process 
can be given by the folloWing expression: 
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8 
Tmb=Tps/1350 32 24.7 ,usec. 

In addition, the generation cycle Tfs of audio timing 
signal FSYNC for activating the audio process can be given 
by the folloWing expression: 

Tfs=1152 samples/48 kHZ=24 msec. 

Further, the generation cycle Tbs of BSOREQ can be 
given by the folloWing expression: 

Tbs=1/(20 Mpbs/8 bit/188 byte)==75 ,usec. 

The priority of the interrupt by each process may be 
determined based on the generation cycles of these timing 
signals and so on. In this embodiment of the present 
invention, the priority of timing signals is in the order of 
MBSYNC, PSYNC, BSOREQ and FSYNC. 

In processor unit 10, the video process, the audio process 
and the system process are activated as an interrupt process 
caused by these timing signals. Interrupt control circuit 15 
does not accept an interrupt during an execution of a certain 
interrupt process if the generated interrupt is of a loWer 
priority but accepts the interrupt if the priority of the 
generated interrupt process is higher than the one under Way. 
With reference to FIG. 2, the video picture-related process 

is activated in response to picture timing signal PSYNC 
generated at a time t0. 
Then at time t1, timing signal BSOREQ is generated. As 

the picture-related process is being operated, the system 
process is not executed immediately and starts from time t2 
at Which the picture-related is completed. 
While the system process is being operated, a timing 

signal MBSYNC of a higher priority is generated at time t3. 
Accordingly, the system process is suspended and the MB 
process is preferentially executed. The system process is 
resumed at time t4 at Which the MB process completes. 
As can be seen from the foregoing, When a plurality of 

interrupt processes, Which are generated at independent 
cycles from each other, are activated such that their execu 
tion overlap, interrupt control circuit 15 determines Which 
interrupt process is to be executed according to a predeter 
mined priority. 

FIG. 3A is a How chart of a picture-related interrupt 
process in processor unit 10. 

With reference to FIG. 3A, the interrupt process for the 
picture-related process is started With the generation of 
picture timing signal PSYNC (step S100). At the start of the 
interrupt process, a context save is executed to hold an 
internal state of processor unit 10 at the point (step S102). 
Then, a video picture-related process is executed, such as 
setting of the control parameters for register 22 in video 
encoding unit 20 (step S104). After the completion of the 
video picture-related process, a context return is executed to 
recover the internal state before the interrupt process (step 
S106). Thus, With the internal state before the interrupt 
process recovered, processor unit 10 returns to a main 
process and resumes the normal process (step S150). 

FIG. 3B shoWs an execution ?oW chart of a macro 
block-related interrupt process in processor unit 10. 

With reference to FIG. 3B, the interrupt process for the 
MB process is started With the generation of macro block 
timing signal MBSYNC (step S110). At the start of the 
interrupt process, a context save is executed to hold an 
internal state of processor unit 10 at the point (step S112). 
Then, the video MB process is executed, such as setting of 
the control parameters for register 22 in video encoding unit 
20 (step S114). After the completion of the video MB 
process, a context return is executed to recover the internal 
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state before the interrupt process (step S116). Thus, With the 
internal state before the interrupt process recovered, proces 
sor unit 10 returns to a main process and resumes a normal 

process (step S150). 
FIG. 3C is an execution ?oW chart of a system interrupt 

process in processor unit 10. 
With reference to FIG. 3C, the interrupt process for the 

system process is started With the generation of timing signal 
BSOREQ (step S120). At the start of the interrupt process, 
a context save is executed to hold an internal state of 

processor unit 10 at the point (step S122). Then, the system 
process is executed, such as setting of the control parameters 
for register 32 in multiplexing control unit 30 (step S124). 
After the completion of the system process, a context return 
is executed to recover the internal state before the interrupt 
process (step S126). Thus, With the internal state before the 
interrupt process recovered, processor unit 10 returns to a 
main process and resumes a normal process (step S150). 

FIG. 3D is an execution ?oW chart of an audio encoding 
interrupt process in processor unit 10. 

With reference to FIG. 3D, the interrupt process for the 
audio encoding process is started With the generation of 
timing signal FSYNC (step S130). At the start of the 
interrupt process, a context save is executed to hold an 
internal state of processor unit 10 at the point (step S132). 
Then, a softWare for performing the audio encoding process 
is activated and the audio process is executed (step S134). 
After the completion of the audio process, a context return 
is executed to recover the internal state before the interrupt 
process (step S136). Thus, With the internal state before the 
interrupt process recovered, processor unit 10 returns to a 
main process and resumes a normal process (step S150). 
As can be seen from above, each interrupt process pro 

gram is Written such that an internal state of processor unit 
10 is temporarily held through the context save at the 
execution of each interrupt process and the internal state is 
recovered after the completion of the interrupt process to 
return to the main process. The video process, the audio 
process and the system process, thus can sequentially be 
activated as an interrupt process according to the priority. 

Thus, as the video process, the audio process and the 
system process are activated as interrupt processes in pro 
cessor unit 10 in encoding device 100 according to the ?rst 
embodiment, a single processor unit can be shared for the 
video process, the audio process and the system process. 
Thus unnecessary cost can be reduced. 
Second Embodiment 

Because the ?rst embodiment has a structure in Which 
each of the video process, the audio process and the system 
process is activated as an interrupt process in response to the 
timing signal, interrupt control circuit 15 must be provided 
in processor unit 10, Which leads to a problem of increase in 
the hardWare. In addition, because all processes are executed 
as the interrupt process, during an execution of one interrupt 
process, another interrupt process Which should be per 
formed preferentially may be requested. 

In encoding device 100, for example, the audio encoding 
can be interrupted by the system process, Which can further 
be interrupted by the macro block-related process. When a 
plurality of interrupt processes are concurrently requested in 
multi-level form, of Which interrupt processes a priority 
hierarchically is determined, the process being executed 
When the interrupt is requested must be suspended and the 
internal state of the processor unit must be held through the 
context save each time the interrupt is requested. Hence, a 
program for these operations is necessary Which further 
leads to the increase in the number of process cycles. 
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10 
To solve the above described problems, reduction of the 

number of interrupt levels is effective. 
The second embodiment is characteriZed in that the audio 

process is not activated as an interrupt process by the timing 
signal but is performed as a part of the main process in 
processor unit 10. 

With reference to FIG. 4, an encoding device 110 accord 
ing to the second embodiment of the present invention is 
different from encoding device 100 according to the ?rst 
embodiment in that encoding device 110 includes a status 
register 45 in timing control unit 40, for indicating the state 
of audio timing signal FSYNC and that processor unit 10 
does not execute the interrupt process activated by audio 
timing signal FSYNC. 

Because status register 45 is connected to internal bus 50, 
processor unit 10 can read a value in status register 45 via 
internal bus 50. By monitoring the state of status register 45, 
processor unit 10 can execute the audio encoding process in 
the main program process at a timing requested from timing 
control unit 40. 

FIG. 5 is a How chart of a main process program of 
processor unit 10 in encoding device 110. 

With reference to FIG. 5, While the main process is 
executed (step S200), data reading from status register 45 is 
executed (step S210) to check Whether a value of status 
register 45 is in a state indicating the execution of the audio 
encoding process (step S220). 
When the audio encoding is requested, an audio encoding 

process is activated (step S230). On the other hand, if the 
state of status register 45 does not indicate the request for the 
activation of the audio encoding process, reading of status 
register 45 is executed again (step S210). 

In the following description, a technique is used for 
determining Whether the process is to be activated or not 
through monitoring the state of the status register as in 
encoding device 110, Which technique is called “polling”. 
The video process and the system process are executed as 

an interrupt to the main program, Which interrupt is respon 
sive to the generation of timing signals PSYNC, MBSYNC 
and BSOREQ. 
With this structure, the number of interrupt levels can be 

reduced from three to tWo and the amount of hardWare 
structure of interrupt control circuit 115 can be decreased. 
Further, With the reduction of the number of context process 
activation, process time can be reduced. 

In the second embodiment, the audio encoding process is 
activated through polling. Based on the condition of the 
encoding and so on, the system process instead of audio 
encoding can be activated through the polling. 
Third Embodiment 

In the third embodiment, a structure Will be described in 
Which the number of interrupt levels is further reduced to 
only one. 
With reference to FIG. 6, an encoding device 120 accord 

ing to the third embodiment of the present invention is 
different from encoding device 110 according to the second 
embodiment in that timing control unit 40 further includes a 
status register 145 in addition to status register 45 and that 
timing signal BSOREQ is not supplied to processor unit 10 
from the timing control unit, Which timing signal is used for 
interrupt request relating to the system process. 

Status register 145 indicates a state of timing signal 
BSOREQ, for executing the activation of the system process 
also through polling. The content of status register 145 can 
be read through processor unit 10 via internal bus 50. As 
described in the section relating to the second embodiment, 
status register 45 indicates the state of audio timing signal 
FSYNC. 
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In encoding device 120, though the polling relating to the 
audio encoding process is executed in the main process of 
processor unit 10 as described With reference to FIG. 5, a 
polling relating to the system process must be executed in 
the interrupt process program relating to the video encoding 
process. 

FIG. 7A is an execution flow chart of a picture-related 
interrupt process in encoding device 120. 

With reference to FIG. 7A, When the interrupt process for 
the picture-related process is started With the generation of 
picture timing signal PSYNC (step S160), a context save is 
executed to hold an internal state of the processor unit at the 
point (step S162) folloWed by the video picture-related 
process (step S164). 

After the completion of the video picture-related process, 
status read of status register 145 is executed (step S166) and 
a signal level of timing signal BSOREQ is checked to 
con?rm Whether the system process is requested or not (step 
S168). If timing signal BSOREQ has been generated to 
request the system process, the system process is executed 
(step S170). After the completion of the system process, a 
context return is executed to recover the internal state of the 
processor unit before the interrupt process (step S172). 

If timing signal BSOREQ has not been generated and the 
execution of the system process is not requested, a context 
return is executed Without the execution of the system 
process (step S172). Then, the internal state of the processor 
unit before the video picture-related is recovered through the 
context return and, the process returns to the main process 
and the processor 10 resumes the main process (step S200). 

FIG. 7B is an execution flow chart of a macro block 
related interrupt process in encoding device 120. 

With reference to FIG. 7B, When the interrupt process for 
the video MB process is started With the generation of macro 
block timing signal MBSYNC (step S180), a context save is 
executed to hold an internal state of the processor unit at the 
point (step S182) folloWed by the video MB process (step 
S184). 

After the completion of the video MB process, status read 
of status register 145 is executed (step S186) and a signal 
level of timing signal BSOREQ is checked to con?rm 
Whether the system process is requested or not (step S188). 
If timing signal BSOREQ has been generated to request the 
system process, the system process is executed (step S190). 
After the completion of the system process, a context return 
is executed to recover the internal state of the processor unit 
before the interrupt process (step S192). 

If timing signal BSOREQ has not been generated and the 
execution of the system process is not requested, a context 
return is executed Without the execution of the system 
process (step S192). Then, the internal state of the processor 
unit before the video MB process is recovered through the 
context return and, the process returns to the main process 
and the processor 10 resumes the main process (step S200). 
With both audio encoding process and the system process 

being activated through the polling, the interrupt to proces 
sor unit 10 becomes only one level interrupt, and it becomes 
unnecessary to provide a hardWare structure corresponding 
to interrupt control circuits 15 and 115 determining the 
priority of the interrupt processes. In addition, because the 
interrupt is of only one level, it becomes relatively easy to 
reproduce a defective state When the defect is found in 
encoding device 120. Then, it becomes easier to debug and 
the development time can be reduced. 

In the second embodiment, the polling relating to the 
audio encoding process is executed in the main process of 
processor unit 10 and, in the third embodiment, the polling 
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relating to the system process is executed in the interrupt 
process of processor unit 10. Yet, it is possible to execute 
polling relating to the system process and the audio encod 
ing respectively during the main process and the interrupt 
process. 
Fourth Embodiment 

In ?rst to third embodiments, it is assumed that the video 
encoding process, the audio encoding process and the sys 
tem process are completed in a cycle of respective timing 
signals. 

In practice, hoWever, these processes do not alWays 
complete during a corresponding cycle because of some 
malfunction. In such case, the operation of the encoding 
device as a Whole becomes defective and stable operation 
becomes impossible. 

In the fourth embodiment, a structure Will be described in 
Which each process securely ends during a designated cor 
responding cycle and the failure of the operation of the 
encoding device as a Whole can be prevented. 

In the folloWing description, a checking function for the 
audio encoding process Will be described as an example. The 
same procedure can be applied to the video encoding 
process and the system process as Well. 

With reference to FIG. 8, in the fourth embodiment, a 
check signal FSYNCend additionally is provided for check 
ing the secure ending in an audio cycle Tfs of the audio 
process corresponding to audio timing signal FSYNC gen 
erated to have audio cycle Tfs. 

Check signal FSYNCend is generated a time period Tf 
prior to the end of audio cycle Tfs. In other Words, the check 
signal is generated at a timing Td=Tfs—Tf after the genera 
tion of audio timing signal FSYNC. Time period Tf may be 
set corresponding to a time period required for the forced 
termination of the audio process. 

Secure operation of the encoding devices is intended by 
providing a structure, in Which check signal FSYNCend is 
re?ected to the status register in timing control unit 40 and 
checked in the main program. 

FIG. 9 is a flow chart of a main program of processor unit 
10 according to the fourth embodiment. 
With reference to FIG. 9, While the main process is 

executed (step S210), the reading of the status register is 
performed (step S220), and Whether the audio encoding 
process is requested or not is checked based on a state of 
audio timing signal FSYC (step S230). 

In the fourth embodiment, the audio process is divided 
into a plurality of process units. In a case described in FIG. 
9, an audio encoding process in one cycle is divided into tWo 
process units, that is, an audio process unit 1 and an audio 
process unit 2. 

In response to the activation of audio timing signal 
FSYNC, ?rst divided unit, that is, audio process unit 1 is 
executed (step S240). After the completion of audio process 
unit 1, reading of the status register is executed again (step 
S250), to check the state of check signal FSYNCend (step 
S260). 

If check signal FSYNCend is generated at this timing, the 
audio process is forced to terminate Without the execution of 
remaining audio process 2 to prevent the failure of the 
operation of the encoding device as a Whole (step S280). 
On the other hand, if check signal FSYNCend is not 

generated, the remaining audio process 2 is executed. 
Though the audio process is divided into tWo process 

units as an example in FIG. 9, the audio process can be 
divided into any number of process units. In addition, a 
similar check signal can be provided for timing signals other 
than the audio timing signal. 






